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This is the final report of the study of Structural Infli6ht Heatin6

Data A_licable to Large Launch Vehicles conducted for George C.

Marshall Space Flight Center, NASA, Huntsville, Alabama. The study

was conducted under Contract NAS8-5247 from ll March 1963 to lO March

1964 at the Lockheed-California Company Spacecraft Organization.

Mr. J. B. Werner was program manager and Mr. F. L. Guard the project

leader. Principal contributors were Messrs. H. D. Schultz, C. G. Forsythe,

H. R. Holmes, and Z. Popinski. Particular acknowledgment is given to

Mr. C. Young for his helpful counsel throughout the study, and in par-

ticular in the areas of protuberance heating and vehicle instrumentation.

This report is contained in 3 volumes: Volume I includes a review of

theoretical methods for predicting structural inflight heating and the

procedures used for data correlation. Volume II contains the data

correlations, flight instrumentation, and correlation re sultsj inclu-

ding recommended calculation procedures for temperature predictions.

Volume III is presented as an appendix_ containing all as received data

and their sources. It also contains vehicle configurations and tra-

Jectories of the flights considered.
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Appendix C

AS RECEIVED FLIGHT _ITA

Contained herein is a compilation of the ascent vehicle trajectories,

configarations, and inflight heating data m_asurements as they were

received from various sources. These vehicles include the Atlas, Agena 3

Polaris, Redstone, Saturn_ Thor, Titan II, Minuteman, and the X-15.

The accuracy of the data measurements is also provided when such in-

formation was included with the material received. The sources of

information for the data in this vol_me are presented below.

VEHICLE

Atlas 13_

Atlas II5D

Atlas 12139

Atlas II2D

Atlas 21E

Atlas 22E

Flisht Data Infornmtion Sources

SOURCE

'_light Test Evaluation Report (U) Missile 133D"

General Dynamics/Astronautics Report No. AE62-0447

(Secret)

'_light Test Evaluation Report (U) Missile II5D"

General Dynamics/Astronautics Report No. AE61-1277

(Secret)

"Flight Test Evaluation Report (U) Missile 121D"

General Dynamics/Astronautics Report No. AE61-0885

(Secret)

"Flight Test Evaluation Report (U) Missile II2D"

General Dynamics/Astronautics Report No. AE61-1279

(Secret)

'_light Test Evaluation Report (U) Missile 2iE"

General Dynamics/Astronautics Report No. AE61-0641

(Secret)

"Flight Test Evaluation Report (U) Missile 22E"

General Dynamics/Astronautics Report No. AE61-0642

(Secret)

LOCKHEED
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Vehicle

Redstone RS-28

Redstone CC-37

Redstone CC-39

Saturn SA-I

Saturn SA-2

Saturn SA-3

Saturn SA-4

Thor-Delta_S_L__B

Thor-Delta S-16

Titan II

UNCLASSIFIED
LR 17562

Source

"Aerodynamic Heating Evaluation Redstone Missile

RS-28 (U)", Army 5_liistic Missile Agency, Report

No. DSD-TM-13-58 (Conf.)

"Aerodynamic Heating Evaluation Redstone Missile

CC-37 (U)", Army _llistic Missile Agency Report

No. DSD-TR-43-59 (Conf.)

"Aerodynamic Heating Evaluation Redstone Missile

CC-39 (U)", Army 5ailistic Missile Agency Report

No. DSD-TR-2-59 (Conf.)

"Evaluation of Flight Test Propulsion Systems and

Associated Systems - Saturn Vehicle SA-I"

George C. Marshall Space Flight Center, Huntsville,

Alabama - MrP-P & VE-P-62-1 (Conf.)

"Saturn SA-2 Flight Evaluation"

George C. Marshall Space Flight Center, Huntsville,

Alaban%a - MPR-SAT-WF-62-5 (Conf.)

"Saturn SA-3 Flight Evaluation", Volumes I and II,

George C. Marshall Space Flight Center, Huntsville,

Alamba_ - MPR-SAT-63-1 (Conf.)

"Evaluation of Flight Test Propulsion Systems and

Associated Systems Saturn Vehicle SA-4"

George C. Marshall Space Flight Center, Huntsville,

Alabama - IN-P & VE-P-63-10 (Conf.)

Unpublished Douglas Data (U)

"Comparison of Theoretical and Measured Skin Tem-

perature Histories from Three Thor-Delta Flights",

Douglas Report SM-42329, June 1963 (U)

"Booster Heating Package Titan I and II (U)"

Martin Marietta Corporation, August 26, 1963 (Secret)

"Comparison of Flight-Measured and Calculated Tur-

bulent Heat Transfer on the X-15 Airplane at Much

Numbers from 2.5 to 6.0 at Low Angles of Attack",

Flight Research Center, Edwards, California

TM-X-939 (Preliminary Copy - Conf.)

!F
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Vehicle

Minuteman 403

Minuteman 407

Minute_n 409

Minuteman 413

Minute_n 414

Minutem_n 415

Age_

LOCKHEED
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S ource

Boeing Flight Test Report D2-4452-403 (Secret)

Boeing Flight Test Report D2-4459-407 (Secret)

Boeing Flight Test Report D2-4452-409 (Secret)

Boeing Flight Test Report D2-4452-413 (Secret)

Boeing Flight Test Report D2-4452-414 (Secret)

Boeing Flight Test Report D2_-4452-415 (Secret)

"Investigation of the Effect of Three-Dimensional

Roughness Elements on Boundary Layer Transition

and Ascent Fnase Aerodynamic Heating"

LMSC TSS 3/LMSC A322666 (Conf.)

"Final Ther_l D_ta Report," G. Wolfe and

J. Liskovec, Lockheed Missiles & Space Co.,

TXA 673-661, LMSC A063113, October 1962 (Conf.)

"Ascent Phase Skin Temperatures," J. Liskovec,

_ . TSS75-I LMSCLockheed Missiles & opac_ Co ,

A303562, October 1962 (C_nf.)

"Ascent Skin Temperatures," J. Liskovec and

J. M. Bernard, Lockheed Missiles and Space Co._

TSS 75-3, LMSC A31042, November 1962 (CDnf.)

"Ascent Skin Temperatures," J. Liskovec, Lockheed

Missiles & Space Co. (to be published).
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C.I Atlas

Four different Atlas configurations were used for the six flights in-

vestigated, and are shown in Figures 1 through 4. The tabulated

trajectory parameters pertinent to aerodynamic heating for flights 21-E,

22-E, ll2-D, ll5-D, 121-D, and 133-D are presented in Tables I through

VI, respectively. Skin temperatures were measured versus time and are

presented as received for the flights and sensors which were used for

heating correlations. No indication was given of the accuracy of these

data measurements. Figures 5 through 25 contain these data curves.

C. 2 Red stone

Data from the flights of Redstone RS-28, CC-37, and CC-39 were used for

heating correlations in the present study. These vehicle configurations

are shown in Figures 26, 27, and 28, and their trajectories are presented

in Tables VIIj VIII_ and IX. Figures 29 through 49 show the as received

measured skin temperature data supplied by the Army Ballistic Missile

Agency. The accuracy of these data was stated to be + 13.5°F.

C. 3 Saturn

Vehicle configurations and flight trajectories are presented in Figures

50-51 and Tables X-XIII, respectively, for Saturn vehicles SA-1, SA-2,

SA-3, and SA-4. The Marshall Space Flight Center (Huntsville, Alabama)

measured skin temperature data are presented in Figures 52 through 6.3 ,

for the sensors and flights designated. The error in these measurements

was not supplied with the data.

C .4 Thor-Delta

Both inboard and outboard profiles are given for the S-3B and S-16

Thor-Delta vehicles, in Figures 64 through 67. The temperature data

supplied were stated to be accurate within + 12°F for the S-16 measure-
m

ments, and within + 15°F for the S-3B. These as received skin tempera-

ture data curves are presented in Figures 68 through 76. The S-3B and

S-16 trajectories are tabulated in Tables XIV and XV.

LOCKHEED
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C. 5 Titan II

Martin Corporation provided trajectories (Tables XVI - XIX), a vehicle

configuration (Figure 77), and skin temperature data for _he Titan II

vehicles N-2, N-4, N-5, and N-6. These measured temperature data are

shown in Figures 78 through 85. No information concerning their accu-

racy or the instrumentation used to obtain them was supplied.

c.6 X-l__5

Trajectory and measured skin temperature data are presented for a single

flight of the X-15 airplane (Figure. 86). The trajectory is contained

in Tables XX and XXI. Figure 87 _hows thermocouple locations for the

skin temperature measurements made. These temperature data are pre-

sented in Figures 88 to 91. The estimated accuracy of the X-15

temperature data is + 15OF.
m

C •7 Minuteman

Information on five Minuteman flights was used in the heating corre-

lazions. These flights were for the 403, 407, 409, 413, 414, and 415

missiles, and their trajectories are provided in Tables XXII through

XVII, respectively. Figure 92 shows the vehicle configuration used in

all six flights. Aerodynamic heating rates were received for the

Minuteman missile, in lieu of the usual temperature data. These are

presented in Figures 93 through 104. The probable accuracy of the

Minuteman heating data is dependent on additional factors not present

in temperature data. These heating rates have been corrected (by

Boeing) to correspond to a constant wall temperature of lO0°F. This

correction is made to facilitate comparisons of the measured heating

ranges with theoretical predicted values and data from various flights.

Minuteman data are discussed further in Sections 4.3 and 6.3 in

Volume II.

LOCKHEED
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c.8 A__

Data from eight Agena flights were used in the present study. For

security reasons these vehicles are designated as vehicles 1 through 7

and vehicle III, instead of the official Air Force designation. Sketches

of the vehicle configaratlons are presented in Figure 105 for vehicles

i through 5, and in Figare 106 for vehicles 6, 73 and III. The eight

post flight trajectories are shown in Tables XXVIII through XXXV.

Individual temperature-time plots are presented in Fi_ares 109 through

185. The accuracy of the data from two specially instrumented panels

on vehicle III is estimated to be + 5°F by LMSC personnel. No estimate
m

of the probable accuracy of the remaining Agena data was available.

C.9 Polaris

Data from a single Polaris vehicle (A3X-11) were used for heating cor-

relations in the present study. Additional correlations were attempted

by the Lockheed Missiles and Space Company; however, the results differed

considerably from theoretical predictions. These discrepancies were

attributed to large conduction effects. The A3X-11 configuration, tra-

Jectory, and temperature data are shown on pages 229, 230, and 231,

respectively.

LOCKHEED
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Ca_,eon*_la COUIP_NV

FLIG}[2

TABLE I

TEST MISSILE 21-E TRAJECTORY

LR 175_ __

TIME
see. AFTER ALTITUDE VELOCITY _t_,C_

LIFT-OFF FEET FT/SE C NU:_SER

0 0 0 0

I0 i,000 140 .13

20 3,000 360 .33

30 8,ooo 62o .%q

40 15,000 93o .82

50 25,000 i,300 1.24

60 37,500 i,740 I.76

70 53,5oo 2,3_o 2._6

80 71,0o0 3,070 3.17

9o 92,ooo 4,o3o L.o_

i00 120,000 5,140 h.92

llO 150,000 6,480 5.91

12o z87,ooo 8,17o 7.58

130 230, ooo 9,320 9.81

140 271,000 9,600 ii. 32

12



14t i75(,2

r_
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TABLE Il

ATLAS FLIGHT TEST MISSILE 22-E TRAJECTORY

TIME

SEC. AFTER ALTITUDE VELOCITY

LIFT -OFF FEET FT/SEC

0 0 0

.I0 1,000 140

20 3,000 340

30 9,ooo 59o

40 16,000 8_0

50 26,000 1,280

60 36,000 1,700

70 53,000 2,290

80 72,000 3,000

90 94_O00 3,940

I00 120,000 5,080

110 150,000 6,370

120 186,000 8,0_0

130 227,000 9,200

140 269,000 9,480

MACII

0

.13

.32

.55

.84

1.22

1.75

2.2,6

3.21

4.04

4.85

5.82

7.42

9.5_

11.20

f ,

LOCKHEED
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TABLE f_

ATLAS FLIGIV2 TEST MISSILE II2-D TRAJECTORY

i75(2

TIME

SEC. AFTER ALTITUDE VELOCITY MACH

LIFT-OFF FE_T FT/SEC IgJ_?ZR

0 0 0 0

lO 1,O00 lO0 .lO

20 3,000 230 .20

30 7,000 430 .4.1

40 Ii,000 680 .63

5o 18,ooo 92o ._5

60 29,000 1,3oo 1.3o

70 42,000 1,750 1.79

80 57,000 2,300 2._1

90 76,000 3,010 3.05

i00 97,000 3,850 3.88

11o 121,ooo 4,85o _.65

120 148,000 6,000 5.5h

130 182,000 7,450 6.a6

14o 218,ooo 9,1oo 9.oo

{ •
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TABLE ."'.:

ATLAS FLIGHT TEST MISSILE, I!_-D TRAJECTORY

TIME

SEC. AFTER ALTITUDE VELOCITY

LIFT -OFF FEET _____/3EC

0 0 0

i0 1,000 120

20 3,000 280

30 7,ooo 48o

40 12,000 700

50 20,000 i,000

60 30,000 i,300

7o 43,ooo 1,830

80 58,ooo 2,380

90 77,0o0 3,130

i00 98,000 4,000

110 122,000 5,070

120 147,000 6,360

130 182,000 7,880

140 217,0OO 9,200

MACtI

0

.I0

.22

.39

.62

.93

1.33

1.93

2.53

3.26

tL.o£

2.94

5.£4

7.29

9.1_

LOCKHEED
aAL0PO_N,a c aMpAN1f
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p-i
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r_

%.,.w

F,

r_

F_

f _

i_ _

TI_4E

SEC. AFTER

LIFT -OFF

0

i0

2O

3o

4o

50

6o

7o

8o

9o

i00

Ii0

120

130

14o

IR 17562

TABLE V

ATLAS FLIGHT TEST MISSILE 121-D TRAJECTORY

ALTITUDE

FEET

0

1,000

3,000

7,000

Ii,000

19,000

30,000

42,000

57,000

72,500

92,000

112,000

133,000

16o,ooo

187,140

VELOCITY

F_/SEC

0

i00

25O

430

7OO

980

I,300

1,780

2,350

3,050

3,940

"5,030

6,230

7,750

9,637

NU_ER

0

.lO

.20

.3_

.60

.91

1.]l

I._6

2.60

3.23

I_.04

h.9o

5.82

6.97

8.80

LOCKHEED
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p-q

p-q

r-q
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f
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TABLE %'i

I.R !75_2

ATIAS FLIG]_ TEST MISSILE 133-D TRAJECTORY

TIME

SEC. AFTER ALTITUDE VELOCITY ItiC}{

LIFT -OFF F_T FT/SEC I_V/_

0 0 0 0

i0 i,000 120 .01_

20 2,000 280 .iI

30 6,000 450 _o• __'3

40 12,000 6P_O •53

50 20, OOO 990 .82

60 30,000 i, 320 1.22

70 42,000 i,750 i.30

80 54,500 2,330 2.52

9o 7o,5oo _,_o_o 3.2o

ioo 9o,ooo 3,92o 3,

ii0 II0,000 5,000 4.88

120 132, OOO 6,280 5.$_5

130 157,000 7,720 7.O0

140 186, O00 9,250 8.51

! h

!

LOCKHEED
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SATURN SA-'I, SA-2 AND SA-3 VEH:CLE CONFIGURATION

AND LOCATION OF SKIN TEMPERATURE SENSORS

163 ft
APPROX

15°

13° 21' !/_.

2,5°.-..

STA 1951.90

STA 1S54.40

STA 1731.12

120 IN. DIA.

SYA1505.00

STA 1319.37

.__._ 220 IN. DIA.
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SE.NSOR

C43-03

C44-03

C45-03

STATION

745
650

485

FIG,'50
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166'
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STA 1731.12
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TIME

SEC .AFTER
LIFT -OFF

0

I0

2O

3o

40

5o

6o

7o

8o

9o

lO0

llO

116

, 120

137

15o

TABLE X

SATURN FLIGHT TEST MISSILE SA-1 TRAJECTORY

ALTITUDE VELOCITY

0 O

591 131

2,759 308

6,890 522

13,354 783

22,573 I,O81

35,894 1,411

50,298 1,847

69,885 2,408

91.212 3,110

123,530 3,960

158,669 4,984

182,194 5,282

197,943 5,217

259,527 4,833

300,704 4,557

O
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TABLE _-_A i.

SATURN FLIGHT TEST MISSILE SA-2 TRAJECTORY

TIME

SEC. AFTER ALTITUDE VELOCITY

LIFI'-OFF FEET FT/SEC

0 0 0

5 246 63

iO 745 138

15 1,641 222

2o 2,_2 3]-7

25 4,820 421

3o 7,212 534

35 ±o,z88 658

40 13,806 795

45 18,121 942

50 23,164 i, 096

55 28,9_9 1,a52

60 35,451 i, 431

65 42,810 i_636

70 51,105 l, 872

75 60,426 2,141

80 70,853 2,443

85 82,452 2,78o

90 95,290 3,153

LOCKHEED

LR
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T_LE n (Cont.)

SATURN FLIGI[r TEST l._SSIh_ SA-2 TRAJECTORY

TIME

SEC. AFTER ALTITUDE VELOCITY

LIFT -OFF FEET FT/SEC

i00 124_898 4, Oll

105 141,811 4,504

11o 16o, 320 5,047

n5 18o, 288 5,385

12o 200,702 5,451

!R 175','>2
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TA ol.g XII

:-1TURN FI.IGFT TLgT Yi,fiJIi.g LA-} TPJC:::CI'O:{Y

TI_E

SEC. AFT&R ALTITUDE Vhl OSITY

LIFT-OFF _EET FT/SEC

0 0 0

5 65 28

i0 _92 64

15 7]9 ]08

20 1,393 159

25 2,320 2i7

30 3,566 282

35 5,153 354

40 7,]16 432

45 0,480 518

50 12,298 613

55 15,590 722

60 i0,&95 83g

65 23,959 965

70 29,038 1,098

75 34,749 1,239

80 41,123 ],308

85 48,23_ 1,579

90 56,170 1,785

LR 17562

0

o

71
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9ATURN

TI]'<E

SEC. AFTER

LIFT-OFF

95

ioo

ii0

120

13o

14o

150

TAoLE Xll (Cont.)

mL'D T --_XGHT TE,';T FISSILE SA-3 _,'IA,., _-,CTORY

AI TITUDE V_LOCITY

FEET ,_T,/SEC

65,(06 2,017

74,827,, 2,274

_7,636 2,86,7

124,°47 3,571

157,3 38 4,4C6

194,726 5,401

237,140 5,939

LR 17 562
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TIME

SEC. AFTER

LIFT-OFF

0

lO

2O

30

40

5o

55

6o

65

7o

75

8o

85

9o

95

lOO

105

llO

ll5

120

LOCKHEED

SATURN FLIGHT TEST

TABLE 2[ [I

MISSILE SA-4 TRAJECTORY

ALTITUDE

FEET

0

718

2,844

6,765

12,822

21,356

26,59$

32,489

39,101

46,529

54,874

64,222

74,636

86,186

98,956

113,038

128,428

145,023

162,911

181,554

VELOCITY

n/sEc

0

134

296

5O3

757

1,o55

1,211

1,382

1,579

1,8o4

2,o61

2,351

2,675

3.035

3,433

3,867

4,275

4,706

5_zo6

5,330

LR 175;2
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TIME

SEC. AFTE_

LIFT -OFF

i25

13o

i35

TABLE XIIi (Cont.)

SA"fJB]; FLIG}rr TEST M_SSILE SA-4 TRAJf]CTORY

ALTITUDE

FEET

200,370

218,404

235,640

VELOCITY

F__/SEC

5,314

5,179

5,068

Not Given

_;ot Given

Not Given

6 '

f
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140

150

160

160.96

165.61

180
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1. Positive,

_,. i'o:_5tlvc,

nose

nose

TABLE _:

_[OR-Di]LTA NISSION _3-16 T?AJi,CTORY

!l{ 17562

ALTITUDE VkLOCITY PITCH ANGLS 1 YAW ANGLE 2

FT/_i_ D EGR_ES D EG}II__S

:60 o .........

649 127 .........

2,672 283 .........

6,384 477 ....

12,056 722 ....

19,874 1,020 .........

29,714 1,351 3.20 0.70

41,281 1,755 3.60 1.40

54,740 2,267 3.25 -0.20

70,360 2,912 0.65 -0.50

88,248 3,7G9 1.15 -0.20

108,724 4,679 0.60 1.05

132,095 5,849 -1.35 0.55

158,661 7,269 -2.00 0.80

188,794 9,021 -2.45 0.85

223,248 11,260 -0.70 1.00

264,255 14,297 0 l.CO

268,667 14,652 .........

291,242 14,612 ...........

_56,655 15,162 .........

401,438 15,540 .........

&45,711 15,936 .........

up; negative, nose do_,n

right; negative, J_:s_ left (oozerver looking down range)
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TITAN II EXTERNAL. CONFIGURATION
AND LOCATION OF SKIN TEMPERATURE SENSORS

SENSOR

637 "

675

- !

)

I

-I _

STATION
102.3

487.0

1224,3

1342.1
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TITAN II FLIGHT TEST MISSILE N-2 TRAJECTORY

TIME

SEC. AFI'ER ALTITUDE VELOCITY
LIFTOFF FEZ_f FT/SEC

lO 670 94.7

30 5,016 361

50 15,927 765

60 24,580 1034

70 35,637 1362

80 49,298 1766

90 65,871 2302

lO0 85,683 2967

ii0 109,030 3692

120 136,122 h573

130 167,257 5615

135 186,298 6280

iF. 1756,2

}_CH

NUMBgR

.o851

.326

.711

i.oo68

1.378

i .864

2.4o7

3.012

3.605

4.254

5 .o6i

5,815
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TITAN

TIME

SEC. AFTER

LIFTOFF

l0

3o

50

60

7o

8O

9o

i00

llO

120

130

140

145.8

148

153

163

LOCKHEED

TABLE XU{[

II FLIGHT TEST MISSILE N-4 TRAJECTORY

ALTITUDE VELOCITY

FEET ___/SEC

576 94

4,981 365

_5,963 78_

2_,693 1057

35,779 1390

49,409 _ 1789

65,761 2309

85,202 2989

107,986 3690

134,45o 45o2

164,995 5543

200,293 6798

223,339 7653

232,601 7854

253,610 7980

295,087 8268

I.K .,., .,¢ 2

F_CH

NUT,_ER

.3258

.7174

i. 001

i .387

i .904

2.402

3.o45

3.635

4.271

5.079

6.636

7.984

8.437

9.229

9.893
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TITAN

TIME

SEC. AFTER

LIFTOFF

i0

3O

45

53.6
4

6o

7o

8o

9o

lOO

llO

120

130

135

140

145

TABLE -XVi[I

II FLIGHT TEST MISSILE N-_.TRAJECTORY

LR 17562

ALTZ_ WEOCZ_ _C_-_

606 123 .i07

6,i45 _55 .407

15,364 8o5 .74o

23,o73 Z055 l.oo

30,064 1255 Z.221

43,406 Z650 z.719

59,541 2119 2.236

79,326 27!9 2.764

i03,001 3397 3.334

131,094 4258 3.970

163,942 5252 4.703

202,677 6408 6.152

224,458 7146 7.309

248,136 7777 8.612

272,380 7899 9.239
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TITAN

TABLE Y[X

II FLIGHT TEST MISS1wx N-6 TRAJECTORY

iR 175(,2

t

f-

r

TIME

SEC. AFTER
LIFTOFF

i0

3o

5o

53.4

65

75

85

95

lO5

115

125

130

ALTITUDE

FEET

823

6,392

19,826

23,050

36,3Zi

50,673

67,953

88,_9o

112,558

140,448

172,534

190,362

VELOCITY

rr/S, C

122

_54

910

lO58

1458

1897

2447

3135

3888

4826

5944

659o

bL_CH

_C0_[BER

.107

•406

.848

1. 000

1.459

2.037

2.526

g_ f
3.1oo

3.775

4.461

5.362

6.170

•
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NOSE t,',AL,I:,;S 3.?.5 _i.qC'.:ES

(___t, ESSUkE-OtRFIC[- ST/Xl'ION, P[!,_C[I'JT Z

19.5

4.4 12.3 19.8

THERMOCOUPLE STATION, PERC2N " Z

27 40 54 55

TI' "",Eu/"AO_'O:JPLE ST/',T:ON, PEI,,__NT C
LEt-' L Jl"l,'" JE '_'- F

,A"IliS 0,375 It,let1 ',:.'IN',-'-SPAN SIAT_ON 84.5

I I I 1
"1

27 ,10 54 57

--'--'t

Pi'ESSU_, E-Q, i;:',C_- STATION, PE?,,ZENT "

'VING-SPAN STAIION 86.0
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4.5

5o

55

6o

65

7o

- 75

8o

85

9O

,%... .

TABLE XX

X-I__ FREESTREAM DATA_

LR _562

MACE PRESSURE TEMPERATURE
u /n "? °R

2.5 165 374

2.7 iB2 379

3 .o lO7 378

3.3 84 386

3.6 69 389

h .0 57 390

4.4 47 393

4.8 41 399

5.o 37 4o2

5.7 3]- 4c8

6.o 28 412
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TABL_ _

X-15 MEASURED LOCAL STATIC PRESSURES

WING MIDSEMISPAN

LR 17562

TIME STATION STATION STATION STATION

SEC. 27 hO 54 66

40 230 196 182 16o

45 175 163 151 131

50 115 lO9 ioo 90

55 88 88 80 67

60 77 72 70 65

65 75 65 60 57

7o 7o 60 55 50

J

75 70 55 50 45

80 65 55 50 45

85 65 55 50 45

' 90 65 55 50 45
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L

[

E_

E

C

F_

L

E

RE-ENTRY VEHICLE

GUIDANCE & CONTROL

R & D INSTRUMENTATION__

3rd STAGE MOTOR

INTERSTAGE 2-8

2nd STAGE MOTOR

INTERSTAGE I-2

1st STAGE MOTOR

1st STAGE SKIRT

(_ APPROXIMATE SENSOR LOCATIONS
USED FOR CORRELATIONS

I
m

--4--
I

I
!

I

I
I

I

!

I

!
+

15° REF

5.1° REF

8.25 ° REF

i0 ° REF

137.3o7

15h.557

i 1.037
i_o.o37

200.647
21o.317

241.817

259o817

321.562

345.262

359.912

_65.8_5
_68.8_5

500.977

527.97

75.0.99
762.76

786.96
800.00

E

[

MINUTE MAN WING I CONFIGURATION

12'5
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E

E

E

E

L
E

E

b

J

E

U

E

E--

B

TI]._

SEC. AFTER

LIFT -OFF

0

i0

2O

3o

4o

50

6o

7o

80

9o

i00

ii0

120

130

LOC_ : :-:[-:_ LD
CALIrO,_Ia c_wraHv

MI_JTFI_H{ FLIGHT TEST MISSILE

ALTITUDE

FEET

O

5,O00

i0, 0OO

20,000

37, OOO

58,000

86, O00

ll7, 0OO

153,000

192,0OO

235, OOO

280,000

326,0OO

377,000

4o_ TRAJECTORY

VELOC ITY

0

500

i,070

1,80:)

2,770

4,140

5,870

6,500

7,400

8, _00

9,500

10,900

le, 40¢,

13,150

124

LR 17562

O
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E

E
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U.

F_

TIjBTZ,:.........'._.II

_£[NUTEMAN FLIGIr_ 9_ST MISSILE

TD_.

SEC. AFTER

LIFT-OFF

0

i0

2O

30

4o

5o

60

70

8o

9o

IO0

ii0

120

130

ALTITUDE

FEET

0

3,000

i0,000

20,000

32,000

57,oo0

82, OCO

3_10,000

138,000

170,000

200,000

234,000

268,000

304,000

I_07'.T{A/ECTORY

VEL(_ITY

F.__Zr'SEC

0

I,So

1,200

2,000

3,;50

4,£50

6,250

6,900

7,750

8,800

i0,000

._., 300

12,500

13,530

LR 17562

_CH

0

o._o

i._

1.90

3.20

5.18

6._

6._

7.20

8.0

9._5

12._

14.8

Not Given o

I

L_

C

E
LOC{IH_O

CALI_ONINIA COMP&N V ,

125



u.
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E

I
£_w

TDZ

SEC. AFTER

LIFT-OFF

0

i0

20

30

_o

50

60

70

80

90

io0

ii0

120

130

TABLE )[XIV

M.Td._'_U_N FLIG}[T TEST MISSIL E I_O_ TSAJECTORY

ALTITUDE

FEET

0

5,000

i0, 000

23,000

32,000

57,000

85,000

120,000

142,000

17B, 000

200,000

235,000

270,000

304,000

VELOCITY

_/s_.c

0

5O3

1,203

2,i00

3,35')

5,000

6,300

6,900

7,800

8,800

lO, 000

ii, i00

12,600

13,500

LR 17562

_MCH

m/_mER

O

0.40

i.i0

1.90

3.3o

5.2_

6.4o

6.75

7.25

8.0

9.6o

Le.25

Not Given

Not Given

E

F
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E

L;

E

LJ
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U.i

I

U

F

TABLE :{YV

_NUTEMAN FLIG;_ TEST MISSILE 413 TRAJECTORY

LR 17562

T_._

sEc. _ _n_D_ wI,ocr_ _CH

0 0 0 0

i0 2,000 500 0.50

20 7,500 1,18O 1.15

30 20,000 2,100 2.00

40 35,000 3,_30 3.50

50 68,0o0 5,18o 5.40

60 i00,000 6,200 6.20

70 134,000 6,800 6.35

80 177,0oo 7,650 7.15

90 220,000 8,600 9.0

lO0 268,000 9,680 11.4

llO 318,000 10,.350 Not Given

120 370,000 12,100 Not Given

130 _26,000 12,800 Not Given.

7

L

GALIP ON I_,a c o,a f-a N_r
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F

E

I

1
%../

uJ

L

[?

T1d_ :D?iL

CALIPOmNIA @OLCeANV

MI%_TF24AN FLIGHT TEST I_7SSlLE 414 5TL%TECTORY

LR 17562

T_,_

SEC. AFTER ALTI%_DE VELOCITY _CH

LIFT-OFF FEET FT/_EC . N[_ fl3ER

0 0 0 0

i0 5,000 _,o0 0.50

20 ii,000 i,_00 i.i0

30 20,000 2,100 2.00

40 36,000 3,_50 3.50

50 58,ooo 5,i8o 5.50

60 83,000 6,300 6.45

70 llO,O00 6,950 6.82

80 z4o,ooo 7,600 7.35

90 169,000 8,800 8.0

lO0 200,000 i0,000 Not Given

llO 232,000 II,SDO Not Given

120 263,000 12,7D0 Not Given

130 294,000 13,650 Not Given

128
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E

l

F

TABLE ;i/Y.': I

MINUTEMAN FLIGHT TEST MISSILE 4]._TIbIJECTORY

LR 17562

TIME

SEC. AFTER ALTI7uq3E VELOCITY MACH

LIFT-OFF FEET FT/_ EC , NU_4BER

0 O 0 0

1o 7,ooo 550 o.50

20 !O, 000 i,2C0 i .15

30 20,000 2,150 2 .OO

40 41,500 3,400 S.58

50 69,500 5,220 5.40

60 106,000 6,200 6.28

70 ].42,ooo 6,880 6.40

8o 182,ooo 7,780 7.25

90 226,000 8,700 9.3

lOO 273, ooo 9,780 ii. 75

llO 322,500 11, i00 Not Given

120 374,000 12,400 Not Given

130 432,500 13,150 Not Given

F

E

F
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LOCKHEED
QAL0POm_nA _OMPANV

TI1C':

I ,IP2_-OFF

0

5o

_0

7O

' !00

?.]O

120

140

150

"70

2 _0

200

ALTTTUD_;

N'T,'T.

O

20,000

3,1,OOO

16 ,OO0

5_ ,cOO

7,' ,000

O9 ,OO0

-]?3,000

35_],_OO

]73,000

r_,_.0/DO

oKo ,000

307,000

3_7,000

!_5,000

_2i ,000

I!55,000

_q:JOCITY

r. fs_::c

o

,050

' ,400

, 50

" ,_00

:t ,070

3, _f:O

h ,,_70

5 ,'_50

7,290

'" ,_50

?0 ,:;00

? 0 s5o

;0,450

i!9,300

0,2-00

]O,_OO
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LOCKHEED

!

TIME

SEC. AFTER

LIFT-OFF

0

50

60

7o

80

9o

ioo

110

i,.0

130

140

15o

160

170

180

190

900

TABIZ X_iX

AGE_ FLIG}Ff TEST HISSILE I TRAJECTORY

ALTITLUOE

FEET

0

20, O00

30,000

43,000

55,000

76,000

95,000

120,000

150,000

182,000

220, OO0

258,000

300, OO0

343,0oo

380,000

420,000

480,000

VELGC ITY

_FT/SEC

O

1,000

1,500

1,900

2,400

3,100

3,900

_, 900

6,000

7,400

.9,000

i0,800

10,700

10,550

10,500

10,300

10,400
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LOCKHEED

TABLE XDCX

AGENA FLIGHT TEST _tISSILE 2 TRAJECTORY

TIME

SEC.
LIFT -OFF

0

50

60

70

80

90

lO0

llO

120

130

14o

15o

160

170

180

190

2OO

ALTITUDE

FEET

0

25,000

35,000

50,000

70,000

90,000

115,000

140,000

170,OOO

205,000

_0,000

280,000

320,000

360,000

395,000

425,000

_50,000

VIIL0C ITY

F2/SEC
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